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The U.S. Marine Corps is the nation’s expeditionary military force. The Marines will 
often move into forward areas with little or no support. Through the installation and use 
of expeditionary airfields, they can provide support to its Marine Corps and Joint Force 
aviation operations. An airfield lighting system is a critical part of an airfield. The 
Marines’ current airfield lighting system is facing obsolescence issues and needs to be 
replaced. This thesis analyzes the factors that influence the architecture of a new airfield 
lighting system. The Federal Aviation Administration publishes guidance for commercial 
airfield lighting that will affect what will be required in a new system. This thesis 
examines how the Marines use night vision devices for covert operations and how that 
will affect the architecture. Discussions on obsolescence and maintenance issues are 
provided. Following examination of all of the influences on architecture, this thesis 
provides an analysis on the different lighting options and determines which combination 
of lights and features offers the best solution for Marine needs. A final recommendation 
on a new expeditionary airfield lighting system is made.  
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EXECUTIVE SUMMARY 
As the expeditionary branch of the Department of Defense, the United States Marine 
Corps must always be ready to fight to defend our country on distant battlefields.   
Marine Aviation, operating from expeditionary airfields (EAFs), support ground troops 
on the battlefield. The current system that Marines install at airfields is obsolete. 
Additionally, lessons learned in Afghanistan and Iraq have demonstrated the need for an 
increased capability to operate in poor meteorological visibility conditions and the need 
to be compatible with pilots using night vision devices (NVDs). The Marines need a new 
airfield lighting system that can replace their outdated system while meeting the new 
needs of the modern battlefield. 
This thesis examines the required capabilities of a new airfield lighting system. 
The classes of airfield landings are examined, and key attributes of each classification 
and the various lighting components are assessed. A functional decomposition of airfield 
lighting that meets the Marine Corps’ needs is developed. Once the functional 
decomposition identified the major functions, the recommended components are mapped 
to functions. Commercial marketplace influences on the architecture and shortfalls are 
identified and shortfalls. An analysis of maintenance and obsolescence issues 
demonstrates how these factors can drive the architecture of the system. Last, there is a 
mapping of architecture to the requirements.  
The final recommended expeditionary airfield lighting system architecture shall 
consist of the following: 
• Runway Edge Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with a wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have ruggedized housing in order to meet exhaust 
requirements of all Marine aircraft. 
 xvi 
• Lights that will be installed in the M-31 tape sweep area should 
have a flush deck profile.   
• Runway Threshold Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Visual Landing Aid  
• The Visual Landing Aid for the lighting system should be a 
Precision Approach Path Indicator (PAPI). 
• The PAPI should be LED based for energy savings. LEDs should 
be chosen with wavelength that meets FAA approved “color.” 
• Visible intensities and output beams should meet FAA PAPI 
requirements 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. LEDs should flash to represent 
“low” area of output beam. 
• Taxiway Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved blue color. 
• Visible output beams should meet FAA L-861T requirements. 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have a rugged housing in order to meet exhaust 
requirements of all Marine aircraft. 
• Approach Light System  
• The approach light system should be a Medium Intensity Approach 
Lighting System with Runway Alignment (MALSR) 
• The MALSR should be LED based for energy savings. LEDs 
should be chosen with wavelength that meets FAA approved 
“color.” 
• Visible intensities and output beams should meet FAA MALSR 
requirements. 
 xvii 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode.   
• Controllers 
• The lighting system should be controlled from a main controller that turns 
lights on and off, and sets light intensity and visible or night vision mode.  
• At remote VTOL installations, the pilot should be able to control the 
VTOL lights through the use of his on-board radio and a ground-based 
pilot controlled lighting receiver.   
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A. BACKGROUND OF MARINE CORPS EXPEDITIONARY AIRFIELD 
The United States Marine Corps (USMC) is considered the expeditionary branch 
of the United States Armed Forces. As the expeditionary branch, the Marines are 
continuously sent to the forward lines of battle. The Marine Corps mission is to always be 
ready to fight to defend our country, as detailed on the USMC website: 
We are forward deployed to respond swiftly and aggressively in times of 
crisis. We are soldiers of the sea, providing forces and detachments to 
naval ships and shore operations. We are global leaders, developing 
expeditionary doctrine and innovations that set the example, and leading 
other countries’ forces and agencies in multinational military operations. 
These unique capabilities make us “First to Fight,” and our nation’s first 
line of defense (United States Marine Corps n.d.). 
In other words, as an expeditionary branch, the Marines must be extremely mobile 
and must be able to move early into forward operating areas. Due to quick operational 
timelines, the Marines are often required to move into and operate in areas with limited 
support and infrastructure.   This requires that the Marines bring all the necessary support 
equipment with them as the move into forward operating areas.  
The Marine Corps is made up of various subordinate organizations. One of the 
most important organizations is the Marine Air Ground Task Force (MAGTF). As 
described in the Marine Corps reference publication (MCRP) 5–12D, Organization of 
Marine Corps Forces, the “MAGTF is the Marine Corps principle organization for the 
conduct of all missions across the range of military operations” (U.S. Marine Corps 1998, 
Chapter 2, 2).  The role of the MAGTF is to allow the Marine Ground forces and Marine 
Aviation operations to operate jointly for maximum effect.   In the MAGTF organization, 
Marine Aviation supports Marine Ground forces. This is described in the Marine Corps 
Warfighting Publication (MCWP) 3–2, Aviation Operations: “Marine forces are general 
purpose forces and traditionally come ‘from the sea’ with limited organic fire support and 
mobility assets. As such, Marine forces rely heavily on the fires, fire support and mobility 
provided by Marine Aviation” (U.S. Marine Corps 2000, Chapter 1, page 1). In other 
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words, Marine Aviation is responsible for providing live fire support and the movement 
of Marines and supplies.  
One of the unique methods the Marines have of supporting aviation operations is 
the construction, operation, and maintaining of Forward Operating Bases (FOBs) and 
Expeditionary Airfields (EAFs). The Marine Wing Support Squadron (MWSS) can 
construct temporary and semi-permanent VTOL pads and runways to support Aviation 
operations run by the Aviation Combat Element (ACE).   As described in MCWP-3–2, 
Aviation Operations, 
EAFs are portable airfields that can be constructed, used, dismantled, and 
moved to another site for reuse. They are constructed on-site by the 
MWSS and Navy mobile construction battalions. The EAF can be used to 
support the full range of FOBs, from small austere sites to large main 
bases. The EAF system is unique and flexible. It permits Marine aviation 
to operate from captured or damaged runways, parking lots, or roads and 
to establish bases where none previously existed. This flexibility allows 
the ACE to adjust to an ever-changing operational situation. The 
development of EAF technologies and the storage of these assets on 
maritime prepositioning force (MPF) ships have reduced the U.S. 
deployment time to any theater of operations in the world from 9 or 10 
weeks to 2 or 3 weeks (U.S. Marine Corps 2000, Chapter 3, page 2). 
The EAF Marines of each MWSS have a mission to provide Marine and Joint 
Forces with transportable, flexible and supportable airfields for use during wartime 
operations. As is emphasized in the warfighting publication, “EAF operations are key to 
the Marine Corps’ ability to establish FOBs in austere locations ashore” (U.S. Marine 
Corps 2000, Chapter 8, 3). These austere locations will be limited in what they can 
provide the Marines in terms of safety, real estate, and proper electrical and mechanical 
infrastructure. As such, airfields located there will often only be able to offer basic launch 
and recovery of aircraft.  
Marine Aviation has a long history in support of United States military actions. 
Marines operated at austere bases in the Pacific theater during World War II. These 
bases, located on small islands served to extend the reach of the U.S. military. In the 
1950s, the Marines developed Short Airfield for Tactical Support, or SATS in order to 
quickly establish runways for air support. The runway is described as follows: 
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The system utilized aluminum panels to create a runway. The aluminum 
panels that formed the landing strip were six to twelve feet in length, made 
of non-skid material painted Marine Corps green, and were laid in a 
staggered pattern for maximum strength. SATS also included air traffic 
control system, refueling/arming area, and maintenance facilities. These 
expeditionary airfield suites could be tailor-made in any length to best suit 
the requirements of a specific operation, further enhancing their utility 
(Kaufman 2011, 210).  
The aluminum panels, also known as AM2 mat, enabled the Marines to create 
runways where no airfields existed before. AM2 mat is still used today in support of 
Marine Aviation operations. With the addition of air traffic control and airfield lighting, 
the Marines could create a fully functional airfield anywhere in the world. 
The U.S. Navy Air Systems Command (NAVAIR) serves as the lead acquisition 
command for all aviation systems for the Marine Corps and the Navy. In conjunction 
with Aircraft Launch and Recovery Program Office (PMA-251), NAVAIR’s Aircraft 
Launch and Recovery Equipment (ALRE) Engineering Division is responsible for the 
acquisition of systems that aid both Naval and Marine aircraft in safe landing and takeoff 
of aircraft at sea and on land. NAVAIR ALRE serves as the agent for AM2 mat and 
airfield lighting and marking systems for the Marine Corps and the EAF community.  
B. EAF LIGHTING  
Modern civilian and military airports are a combination of different systems, all 
working together to allow the safe landing and takeoff of aircraft. Runways, taxiways, air 
traffic control and lighting enable safe airfield operations. Airfield lights provide 
important visual cues and identifiers to aviators, allowing pilots to locate airfields and 
orient aircraft properly for landing.  Visual lighting systems help the pilot descend safely 
toward the runway. Once on the ground, the pilot will use lights in order to taxi his 
aircraft to a parking location.   
Marine aviators frequently use night vision devices (NVDs) to aid nighttime 
operations. Marine airfields also require some level of night vision compatibility. 
Military operations also have the need for night vision compatibility. 
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The current EAF lighting system for runways is known simply as the EAF 
hardwired lighting system, or the legacy lighting system. This system was developed 
more than 30 years ago using incandescent bulbs, the commercially available technology 
of the time. Currently, the system is facing issues of obsolescence as the incandescent 
bulbs are becoming outdated and more difficult to obtain. 
After involvement in Iraq and Afghanistan in response to the terrorist attacks of 
September 11, 2001 (9/11), the Marines realized that not only was the legacy system 
difficult to maintain, but it also did not allow them to operate in severe weather 
conditions. Also, since the Marines used both Vertical Takeoff and Landing (VTOL) 
aircraft in addition to regular aircraft, a combination of both runway and VTOL pads 
were required. 
New equipment will allow the Marines to take advantage of the latest technology. 
There have been major advances in lighting technology since the time the legacy systems 
were fielded. These advances can provide improved performance, increased energy 
efficiency, and reduced maintenance costs. The last 20 years alone have produced major 
technical improvements in lighting, night vision (NV) and networking technologies. 
Light Emitting Diodes (LEDs) are replacing incandescent bulbs as a low-powered, 
energy efficient lighting source. Infrared LEDs can aid stealth operations with the use of 
night vision goggles. Today, many nighttime aviation operations are performed using NV 
goggles. When NV goggles or devices are used the air operations are referred to as aided 
operations. When no NV device is used, it is referred to as unaided operations. When NV 
goggles are used with incandescent lights, the goggles can become oversaturated with 
light and rendered useless.   An additional gap is that current systems are not capable of 
remote operation. They require EAF Marines present at the airfield to operate the system. 
Chapter II will examine capabilities required by the Marines that the fielded EAF lighting 
systems cannot meet.  
In designing a system, it is critical to examine all of the potential influences on the 
architecture. There are many inputs to consider even before the design process. These 
early influences include laws, regulations, official guidance, and the state of technology. 
These can be classified as “upstream” influences. Existing DoD programs and guidance 
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are major upstream influences.  The fact that the system being replaced uses 30- to 40-
year-old incandescent bulbs means it is using outdated technology. The current state of 
lighting technology will be an upstream influence. The Federal Aviation Administration 
(FAA) specifies many classifications of airfield landings. These FAA classifications, 
such as Visual Flight Rules (VFR) and Instrumented Flight Rules (IFR), will influence 
airfield layouts and requirements. Marine pilots will use night vision devices. The physics 
behind these devices will pose limitation on the system. 
Their counterpart, or “downstream,” influences can be considered to be the effect 
the system will have on its users. Marines must travel quickly to and operate from austere 
environments. Systems they use have to be portable and able to be transported easily. An 
EAF airfield will need to be capable of being setup and torn down in a minimal amount 
of time. These expeditionary requirements are downstream influences.   Obsolescence 
can be considered a downstream influence. Obsolescence can drive future changes if the 
system is not designed to be resilient. Maintenance issues can also be downstream 
influences on design.   
Other design criteria will need to be considered as well. The type of mission and 
deployment timelines will influence the configuration of any airfield that the Marines will 
set up and operate. Also, the types of aircraft and Marine Corps support will greatly 
influence the architecture. Marine Corps Aviation Vertical Take Off and Landing 
(VTOL) Aircraft, such as rotary wing and AV-8 Harriers, are types of aircraft that require 
VTOL pads. In addition, the Marines support traditional aircraft that require airfield 
runways, including Navy planes that normally operate off of aircraft carriers and are 
equipped for carrier landings. These aircraft are sometimes used with the Marines M-31 
arresting gear. The use of arresting gear will affect the packaging of some of the lights on 
the runway. However, most commercial grade FAA approved equipment will not meet all 
of the performance requirements of the Marine Corps. For these reasons, the Marines 
must design their own system to satisfy all of their requirements. 
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C. PURPOSE 
The purpose of this thesis is to analyze the commercially available lighting 
systems and to determine what aspects of those systems can meet Marine Corps needs. 
This includes an analysis of the major properties of these lights to see if they can operate 
in an expeditionary nature in support of an austere airfield. Various features are 
considered, including lighting technology, communication, and power infrastructure.   
D. RESEARCH QUESTIONS 
This thesis presents key architecture requirements for an improved lighting 
system for the Marines Expeditionary Airfield. The primary research question to be 
addressed is: 
• What is the optimal architecture that provides a Marine Corps
Expeditionary Air Field Lighting System that meets the Marine Corps
current performance requirements and meets or exceeds the requirements
of the legacy systems?
Other specific research questions that this thesis addresses include: 
• What capabilities does the new architecture need to meet and how will that
influence the architecture?
• How do the Federal Aviation Authority and other outside agencies
influence the requirements for the Marine Corps EAF?
• Are Commercial-Off-The-Shelf (COTS) components at a sufficient
maturity level to be integrated in an overall lighting system? What
developmental work still needs to be accomplished to meet Marine needs?
• What are downstream influences on the architecture of EAF lighting?
How are maintenance and obsolescence issues being addressed?
E. SCOPE AND METHODOLOGY 
This thesis identifies the best method for upgrading and integrating EAF lighting 
equipment. This thesis does not attempt to be a specification for the actual equipment 
itself. Instead it makes recommendations for an improved Expeditionary Airfield 
Lighting Program, and by extension, other Navy aviation lighting programs.   
This thesis begins by examining the capabilities that Marine EAF airfield needs to 
satisfy and how the lighting system can affect those capabilities. The classes of airfield 
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landings are examined and key attributes of each classification and the various lighting 
components are assessed. A functional decomposition of airfield lighting that meets the 
Marine Corps needs is developed. Once the functional decomposition identified the major 
functions, the recommend components are mapped to the functions in order to show that 
the new design will meet the Marines’ needs. Commercial marketplace influences on the 
architecture are identified. Also, shortfalls in the commercial marketplace are also 
identified. An analysis of maintenance and obsolescence issues demonstrates how these 
factors can drive the architecture of the system. Lastly, there is a mapping of architecture 
to the requirements and a recommendation for EAF Lighting System architecture is 
made. The final recommendation for an EAF lighting system is as follows:  
• Runway Edge Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with a wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have ruggedized housing in order to meet exhaust 
requirements of all Marine aircraft. 
• Lights that will be installed in the M-31 tape sweep area should 
have a flush deck profile.   
• Runway Threshold Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Visual Landing Aid  
• The Visual Landing Aid for the lighting system should be a 
Precision Approach Path Indicator (PAPI). 
• The PAPI should be LED based for energy savings. LEDs should 
be chosen with wavelength that meets FAA approved “color.” 
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• Visible intensities and output beams should meet FAA PAPI 
requirements 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode. LEDs should flash to represent 
“low” area of output beam. 
• Taxiway Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved blue color. 
• Visible output beams should meet FAA L-861T requirements. 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have a rugged housing in order to meet exhaust 
requirements of all Marine aircraft. 
• Approach Light System  
• The approach light system should be a Medium Intensity Approach 
Lighting System with Runway Alignment (MALSR) 
• The MALSR should be LED based for energy savings. LEDs 
should be chosen with wavelength that meets FAA approved 
“color.” 
• Visible intensities and output beams should meet FAA MALSR 
requirements. 
• Infrared LEDs operating at around 880 nanometers should be 
chosen for NVD compatible mode.   
• Controllers 
• The lighting system should be controlled from a main controller that turns 
lights on and off, and sets light intensity and visible or night vision mode.  
• At remote VTOL installations, the pilot should be able to control the 
VTOL lights through the use of his on-board radio and a ground-based 




One of the key functions of the Marine Corps is to operate in forward areas of the 
battlefield. Combatant commanders rely on Marine Aviation to dominate the airspace and 
provide support for troops on the ground. In order for Marine Aviation to effectively 
operate in forward regions, they must rely on the use of expeditionary airfields. 
Expeditionary Airfield Marines provide these expeditionary airfields for the Marine 
Corps. EAF Marines have been using many systems to support Marine Aviation. Some 
systems are outdated and need to be upgraded or replaced. This chapter will examine 
what the Marine Corps needs truly are. 
B. MARINE CORPS NEEDS 
The Marines currently have multiple lighting systems to support different 
scenarios in Marine Aviation. After the events of 9/11, the U.S. Marines deployed to both 
Afghanistan and Iraq. EAF Marines deployed with three portable lighting systems with 
them:  the tactical Visual Identification Projector with Infrared (VIPIR) lighting system, 
the battery operated Minimum Operating Strip Lighting System (MOSLS) system and the 
legacy hardwired lighting system.  
1. Man Portable Lighting System 
The VIPIR system is a man portable system that can store approximately 25 
lights, including self-contained batteries, in a standard Marine backpack. Each VIPIR 
light is around three inches in height, not including the antenna. The antenna allows the 
light to be controlled from a remote control device. The VIPIR light has low power LEDs 
in it and can emit white, blue, green, or red light. These systems were useful in setting up 
small VTOL landing pads at FOBs. A Marine can carry enough lights in the backpack to 
light an entire VTOL pad of up to 120 feet by 120 feet.   
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Figure 1.  VIPIR Light (from APS Supply, n.d.) 
2. Minimum Operating Strip Lighting System  
The VIPIR lights, however, cannot be used to effectively light an airfield runway 
due to the low intensity of the LEDs. In order to build a temporary runway to support 
Marine Aviation, the Marines use the second lighting system, MOSLS. The MOSLS is 
made up of many light units known as Omnidirectional Runway Edge Light (OREL). An 
OREL is shown in Figure 2.   
 
Figure 2.  MOSLS OREL (from Metalite, n.d.) 
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MOSLS uses incandescent bulbs to produce white light. To produce light of a 
color other than white, colored filters have to be installed over the white lights. For 
example, blue lighting is the preferred lighting for airfield taxiways. MOSLS can come 
equipped with blue filters over the “white light” bulb in order to produce blue light. The 
MOSLS system components are stored in portable trailers when not in use. When the 
Marines need to install a temporary runway or VTOL pad and an electrical infrastructure 
does not exist, the use of these battery-powered lights is necessary. The Marines will 
move the trailers around the airfield and install the lights along the perimeter of the 
runway or VTOL pad. MOSLS is battery operated and the lighting units can be recharged 
through the use of generators built into the trailers. This recharging process, however, can 
take over 8 hours per light (Metalite, n.d.). The light batteries can lose power through use 
or just through natural discharge of energy over time. Marines have to constantly replace 
discharged lights with charged lights and then ensure that the discharged lights are placed 
back in the trailers to recharge. If the Marines do not keep the units charged, they run the 
risk of not having them ready when needed. This monitoring of battery charge and 
recharging is sometimes laborious for Marines who are otherwise engaged in fighting the 
enemy.  
3. Legacy Hardwired Lighting System 
When the Marines need a more permanent airfield, they would install one that did 
not rely on batteries. They currently install the hardwired legacy lighting system for more 
permanent airfields. The hardwired legacy lighting system was a federated system that 
did not have its own official nomenclature. This system was developed in the 1970s with 
incandescent bulb technology. In recent years, the Marines have encountered some issues 
with keeping the legacy lighting system operational. Each Marine Air Wing (MAW) is 
issued two legacy lighting systems. These systems are kept in storage unless the Marines 
are forward deployed. After 9/11, when the Marines needed to deploy to Afghanistan and 
Iraq, it was found that the not all of the issued systems were fully functional. Repairs 
were required and parts were difficult to obtain. The Navy and Marines use the Naval 
Supply Systems Command (NAVSUP) to stock and deliver parts. NAVSUP policy is to 
stock parts that are in high demand. For parts that have low to zero demand, NAVSUP 
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drops those parts from their active inventory. In order to fill the requests for low demand 
parts, NAVSUP will initiate a contracting effort to produce the parts. The combined 
contracting effort and manufacturing effort can take a long time. Since the Marines had 
not forward deployed for many years, the legacy systems had sat idly in warehouses for 
many years. Therefore, NAVSUP did not register any parts ordering activity for the parts 
for the system. As a result, NAVSUP stopped carrying the legacy lighting system parts in 
their inventory. This meant that the Marines could no longer order the parts to fix their 
systems. When NAVSUP did try to contract for incandescent bulbs, the manufacturers 
were out of business or no longer making incandescent bulbs.   In order to deploy, the 
Marines often had to combine two non-working systems together in order to make one 
working system. 
When the Marines did manage to get a system working in Iraq and Afghanistan, 
its use was severely limited and it could not always support Naval and Marine air 
operation. The Marines found that they could not always use it due to weather and 
visibility conditions. During times of high winds, blowing sand would cut visibility down 
drastically. Safe aviation operations rely on distance minimums such as minimum 
visibility distance and minimum cloud ceilings. If the meteorological conditions dropped 
below the safe minimums, then aviation operations can be suspended if the airfield did 
not have the proper equipment installed. Since the legacy hardwired system was not rated 
for poor visibility conditions, the amount of flights that could be flown was often 
reduced.  
In addition to these failures, as far back as 1993 the Marines had identified issues 
with the legacy lighting system (Fields 1993). The Marines noted that the legacy system 
was adequate for the time, but made specific mention that it was not truly NV 
compatible.   Incandescent light emits light in the visible and infrared spectrums. While 
the visible lights are powered on, infrared light is also emitted. The amount of infrared 
light emitted could oversaturate the NVDs. 
A Universal Need Statement (UNS) was initiated that requested a new airfield 
lighting system. This UNS was endorsed by the Assistant Deputy Commander for 
Aviation at Headquarters Marine Corps, and stated the new lighting system “will enhance 
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the ability of the MWSS and Marine Air Traffic Control Mobile Teams to quickly 
provide visual landing and taxiing aids for Marine Aircraft” (Post 2005, 1).   The request 
for the system to stress the portable nature was also discussed. The endorsement letter 
stated that the “improved EAF Lighting System should be man-portable, remotely 
controllable, and powered either by battery (such as a small 3-volt battery) or solar 
powered. The improved system could be a suite of both” (Post 2005, 1). Although the 
UNS was endorsed, no final acquisition program was started based on its 
recommendations. 
In October 2010, NAVAIR engineer Robert Rinderer presented a paper at the 
Illuminating Engineering Society’s Aviation Lighting Conference. In addition to 
providing an overview of The Marines Expeditionary Airfield Capability, Mr. Rinderer 
described a capability gap that the Marines faced. He noted the Marines needed to be able 
to support FAA Category I IFR operations for runways. He also noted that EAF need to 
have the ability to light VTOL pads for Marine aircraft (Rinderer 2010). 
In June 2013, the Marines drafted a requirements letter for a new sustainment 
lighting systems. The head of the Aviation Expeditionary Enablers Branch drafted this 
letter and it was delivered to both the Director of the Logistics Integration Division at 
Combat Development and Integration (CD&I) and PMA-251. In the requirements letter, 
the Marines call out the need for a new semi-permanent lighting system.  
C. REQUIRED EAF CAPABILITIES 
In the requirements letter the Marines spell out required capabilities for the future 
of Expeditionary Airfield Lighting. The Marines define two distinct phases of airfield 
operations requiring lighting, tactical lighting and sustainment lighting as detailed in the 
letter (Merchant 2012, 1). 
“Tactical operations require man-portable, battery operated systems that are 
intended for short term installations” (Merchant 2012, 1). A tactical lighting system is 
best served by a battery operated, portable system that does not require any infrastructure 
or logistic effort beyond some minimal level. 
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“Sustained operations require an airfield lighting system that is scalable to 
mission requirements and size and capable of being left installed for extended periods of 
time” (Merchant 2012, 1). A lighting system that will meet the needs of sustained 
operations would require a greater amount of lights and a larger logistics footprint than a 
tactical system. The Marines further said that the sustainment lighting should improve the 
Marines capability. 
Further requirements listed in the Expeditionary Airfield Light Requirements letter 
are that the system “shall provide the airfield lighting components necessary to support 
runway operations in Visual Flight Rules (VFR), Non-Precision Instrument Flight Rules 
(IFR), and Category I IFR weather conditions” (Merchant 2012, 1) and the system “shall 
provide the airfield lighting components necessary to support vertical takeoff and landing 
(VTOL) operations in VFR weather conditions” (Merchant 2012, 1). This means that the 
new lighting system would have to meet FAA performance requirements for the various 
lighting components. 
In addition to defining the runway and VTOL lighting requirements, the Marines 
also defined some control configurations in the Expeditionary Airfield Light 
Requirements letter. They requested lights and control for 6000’ runway (expandable to 
8000’) and taxiway lighting, information lighting and up to eight VTOL sights. The 
system had to be NV compatible. The Marines requested that the VTOL modules have an 
auxiliary control scheme available for pilots. They also requested that the lights be 
packaged logically for modularity (Merchant 2012, 1–3).  
In the requirements letter, the Marines also stressed the need to use renewable 
energy sources (Merchant 2012, 2). This request aligns with guidance in the United 
States Expeditionary Energy Strategy and Implementation Plan. The guidance states that 
the “Marine Corps Expeditionary Energy goals span Bases to Battlefield and provide the 
operational framework for increasing our combat effectiveness through ethos, energy 
efficiency, and use of renewable energy” (United States Marine Corps 2011, 21). Due to 
power requirements, not all components will be able to use renewable energy. Low 
intensity lights will be able to use renewable energy such as solar for recharging batteries. 
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In addition, the new airfield lighting system has to work in conjunction with the 
Marines M-31 Arresting gear. The M-31 will sometimes be installed on shorter AM2 mat 
runways in order to capture Naval airplanes. The M-31 serves in the place of an aircraft 
carriers arresting gear system. The arresting gear will be positioned on either side of the 
runway with a cable strung between the two units as seen in Figure 3. The cable will 
sweep out as the plane lands and proceeds down the runway. There is a designated 
“sweep area” where lights need to be relatively flush with the surface of the mat.  
 
Figure 3.  M-31 Arresting Gear and F/A-18A (from NAVAIR, n.d.) 
Additionally, there are other components to airfield, which while not required, can 
ease airport operations. These include wind cones and informational signs. The 
informational signs can mark taxiways, distance to go on a runway, or even the arresting 
gear area. 
Another factor that relates to the configuration of an airfield is exhaust exposure. 
VTOL edge lights are located on the perimeter of the VTOL pad, but they will be 
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exposed to heat exhaust from various Marine aircraft landing and taking off. Similarly, 
taxiway lights are located on the edges of the taxiways. Taxiways are traditionally not 
built as wide as runways, and taxiways lights may be exposed to elevated exhaust 
temperatures. Both taxiway lights and VTOL Edge lights need to be ruggedized to 
survive being exposed to high temperature exhaust form Marine aircraft.  
Pilot-controlled lighting (PCL) is an additional capability mentioned in the 
requirements letter (Merchant 2012, 2). PCL gives the pilot the means to turn VFR lights 
to high, medium, or low intensities by clicking their VHF radio a certain number of 
times.   This is a method to allow the pilot to adjust the lighting intensity when there is no 
one on the ground to adjust the lights.   PCL would be useful for remote installed VTOL 
pads where there are not always EAF Marines present to adjust the lights. PCL is an 
existing commercial technology, approved by the FAA and governed by FAA Advisory 
Circular 150/5345–49C. In the Merchant letter, the Marines request PCL for remote 
VTOL pads but not for runways. 
D. SUMMARY 
This chapter examined the Marine Corps needs for a new airfield lighting system. 
Since the key function of the Marine Corps is to serve as an expeditionary force, any new 
system needs to be portable in order to allow the Marines to move quickly. The Marines 
currently have small portable battery based systems. They have identified the need for a 
new hardwired system. The Marines also stated the need for pilot control over lighting of 
remote VTOL pads.   Additionally, any new expeditionary lighting system must be able 
to work with the Marines M-31 landing gear. This would entail that the lights not be 
destroyed by the tape sweep of the M-31 landing gear when operating. The capabilities 




Category I IFR Allows flight operations in degraded 
visibility conditions 
Night Vision Compatible Compatible with AN/AVS-9B and 
AN/AVS-9C goggles in Marine inventory 
Portable Able to installed and then repackaged for 
movement to new location 
Energy Efficient Use of LEDs and renewable energy sources 
Exhaust Exposure VTOL Edge Lights and Taxiway Lights 
must be able to survive exhaust 
temperatures of Marine aircraft 
Pilot Controlled lighting Remote control of VTOL light intensity 
when no EAF Marines present 
M-31 Compatible Runway Edge Lights will be flush to the 
surface of AM-2 Mat 
Table 1.   New Lighting System Capabilities 
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III. UPSTREAM INFLUENCES ON AIRFIELD LIGHTING 
A. INTRODUCTION 
Multiple factors can influence the architecture of any new system. For a new 
airfield lighting system for EAF, these “upstream influences” fall into major categories: 
existing DoD programs, current technology base, FAA guidance and components, and 
Night Vision Device limitations. For takeoffs and landings without the use of Night 
Vision Devices (i.e., unaided operations), the Marines would need to meet FAA 
requirements that have been set down for commercial aviation. For takeoff and landings 
that involve the use of NVDs (i.e., aided operations), there is no clear FAA guidance or 
military specifications. However, using similar heuristics that have been developed for 
unaided approaches, rules for aided approaches can be constructed.   
B. DEPARTMENT OF DEFENSE LIGHTING PROGRAMS INFLUENCES 
One of the major influences of procuring any new weapon system is what the 
other DoD organizations are using for guidance and what systems they are building and 
using. All branches of the Department of Defense build airfields for their various aircraft. 
The main guidance for construction of airfields, including lighting, is to follow the 
Unified Facilities Criteria (UFC). UFC 3–535–01, Visual Air Navigation Facilities, 
provides details on how to install the lighting for DoD airfields. However, the 
requirements are for permanent land based facilities and the requirements for an 
expeditionary airfield are not explicitly covered.   
Table 2–1A of UFC 3–353–01 details the requirements on lighting installation for 
the United States Air Force (USAF). These requirements are closely aligned with FAA 
requirements and recommend FAA certified components (U.S. Department of Defense 
2005, 10). Table 2–1B details the requirements for the United States Army (USA). These 
criteria are also rooted in FAA requirements (U.S. Department of Defense 2005, 11). 
However, for the construction of United States Navy airfields, the UFC does not list any 
requirements. Instead the document refers the reader to a NAVAIR document, NAVAIR 
51–50AAA-2, General Requirements for Shorebased Airfield Marking and Lighting. 
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NAVAIR 51–50AAA-2 gives the lighting requirements for United States Navy and 
United States Marine Corps Shore based airfields. However, expeditionary airfields are 
specifically excluded from these requirements.  “This manual should not be used for 
designing or planning of Expeditionary Airfields (EAF) or forward operating areas and 
combat fields.” (NAVAIR 2009, 2) Marine Expeditionary Airfields are not covered under 
the Unified Facilities Code or NAVAIR documents. 
The Marines have long been the sole user of portable expeditionary airfield 
systems. The United States Air Force has an Emergency Airfield Lighting System 
(EALS). They are currently acquiring a new system, which is called the Expeditionary 
Airfield Lighting System (EALS-II). However, this expeditionary system is based on Air 
Force requirements, which are different than Marine Corps Expeditionary requirements. 
The Air Force and the Marines have different missions. An Air Force expeditionary 
airfield is most often a captured airfield. The Marines expeditionary airfield could be a 
captured airfield, or a dirt runway or a runway with AM2 mat. In addition, the Air Force 
and the Marines do not support the same aircraft. The Air Force does not have 
requirements for VTOL landing pads. The Air Force also does not have to accommodate 
the use of the Marines M-31 Arresting gear. The Air Force will not require the use of 
flush deck lights to accommodate the M-31 tape sweep area. The Air Force does not have 
to meet all of the environmental requirements of the F-35B and V-22 since they do not 
use those VTOL aircraft. Lastly, while portable, the Air Force does not have as strict 
portability, reconstitution and transportability requirements of the Marines.   
C. CURRENT TECHNOLOGY BASE 
Another major upstream influence on future of airfield lighting is the current 
lighting technology base. Previous generations of airfield lighting have used incandescent 
bulbs or gas discharge lamps. The manufacturing base of these technologies has shrunk 
considerably as manufacturers have moved toward producing more modern technology, 
including Light Emitting Diode (LED). The FAA, recognizing the trend in industry, has 
been studying the use of LED lights as replacement for incandescent lights for a few 
years. They have released guidance on the differences between LED lighting and 
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incandescent with FAA Engineering Brief 67D, Light Sources Other than Incandescent 
and Xenon for Airport and Obstruction Lighting Fixtures, and sponsored studies 
evaluating LED lights installed at airfields such as the 2012 study by John Bullough, 
Issues with Use of Airfield LED Light Fixtures. The FAA brief discussed lighting 
intensities and LED color issues (Federal Aviation Administration 2012c). Bullough’s 
study detailed some issues commercial airports were having in using LED technology. 
(Bullough 2012, 10).  
LED technology has the advantage of being more reliable and consuming less 
energy than either incandescent or gas discharge lamps. Also, in 2009 the Marines stood 
up the Expeditionary Energy Office (E2O). E2O’s mission is to “analyze, develop, and 
direct the Marine Corps’ energy strategy in order to optimize expeditionary capabilities 
across all warfighting functions” (United States Marine Corps 2011, 5). In the United 
States Expeditionary Energy Strategy and Implementation Plan, the E2O tasked the 
Marines to “assess and develop recommendations for upgrading existing airfield lighting 
aboard airstations with LED lighting”(United States Marine Corps 2011, 57).  Although 
LEDs could provide energy savings, the switch to LED technology can present some 
issues.  
Traditional incandescent bulbs have a life expectancy of around 1000 hours. For 
the Marines, this means that bulbs would have to be replaced periodically as they burn 
out. LEDs can be expected to last 50,000 hours, while consuming only 20% of the power 
of incandescent bulbs (Brown 2013, 1). This would give approximately 50x longer life 
for LED lamps, greatly decreasing the maintenance burden on the Marines. A light 
lasting 50,000 hours, operating 16 hours a day, would last for over 8 ½ years.  
 LED lights are more energy efficient than incandescent bulbs, especially for 
colored light. Airfield lights use certain colored lights as visual cues. Red lights mark the 
end of the runway, while green lights mark the beginning. Blue lights can mark the edge 
of a taxiway and white lights mark the edge of the runway. To achieve colored lights, 
which are required for certain types of airfield lights, colored filters are place over “white 
light” incandescent bulbs. The filters only let light of certain wavelengths through. The 
rest of the light is blocked from being emitted by the fixture. This blocked light, and the 
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energy used to create it, is essentially wasted. LED technology allows designers to create 
colored lights by using LEDs that only emit light on the wavelength needed. Thus, less 
energy is used to create light that would be of no use. 
Another study was concerning replacing runway threshold incandescent lights 
with LED based threshold lights. The LED based lights “used only about 10 percent of 
the power required by the incandescent lamps. The LED technology is energy efficient, 
and the LED light energy did not require that filters be used to discard most of the source 
energy to obtain only the green part of the light spectrum” (Les 2009, 56).  Jennifer 
Taylor notes that “coloured LEDs are much more efficient than filtered incandescent 
lamps which lose a significant amount of light output when a coloured filter is place in 
front of the lamp” (Taylor 2010, 57).  
Many commercial airports have already begun the transition to LED technology. 
Schwartz notes that Hartsfield Atlanta airport “converted its airfield lighting fixtures to 
LED technology in a direct current system, which uses up to 98% less electrical power 
than quartz fixtures. The new lights have fewer maintenance problems, reducing repair 
trips onto the airfield” (Schwartz 2009, 64). 
The major issue arising from the use of LED technology at commercial airports is 
the current standard electrical infrastructure. Due to LED and incandescent lights being 
different technologies, they do not work the same way as incandescent when placed on 
the same electrical circuit. Gallagher notes that “after implementation of replacement 
LED versions of taxiway edge lights, it was found that when changing the intensity of the 
lighting circuits, the incandescent fixtures would dim to the proper level, while the LED 
versions on the same circuits would appear not to dim at all” (Gallagher 2008, 27–28). 
Taylor notes that part of the reason is “brightness perception.” 
Colour saturation increase the perception of brightness, and certain 
wavelengths in the blue to greenish-yellow range are known to be more 
effective to the visual system. Generally, LED signal lights have narrower 
spectral distributions than incandescent (filtered and unfiltered) signals, 
resulting in more saturated colours (Taylor 2010, 57). 
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Gallagher goes on to note that FAA “specifications need to be updated in order 
for this technology to interact in a positive way” (Gallagher 2008, 28). 
D. FEDERAL AVIATION ADMINISTRATION GUIDANCE  
Some of the key upstream influences on EAF lighting for unaided approaches are 
documented in FAA advisory circulars. The FAA determines the flight rules for civilian 
aircraft. The DoD, as general practice, follows the guidance of the FAA in determining 
flight rules for military aircraft. However, the DoD sometimes has unique requirements 
that may allow for deviation from certain aspects of the FAA requirements. For example, 
the FAA actually has a certified power infrastructure and DoD airfields may not use the 
same power infrastructure. Another example is that FAA certified lights are always 
painted yellow for visibility reasons. When the Marines deployed, they require all 
equipment to be painted green, including lights. A military green light would technically 
not be able to be FAA certified. The FAA guidance document Terminal Instrument 
Procedures (TERPS) 8260.3B points out that the military may use non-standard systems. 
For example for non-standard approach light systems, TERPS 8260.3B notes that may 
“be considered equivalent to the standard systems for the purpose of formulating 
minimums authorized for military procedures…” provided that performance requirements 
associated with the lights are met (Federal Aviation Administration 2012e, Appendix 5, 
page 1). 
TERPS 8260.3B also details what approaches are allowed based on visibility and 
equipment available. Operations under IFR and VFR are based primarily on visibility 
conditions: Visual Meteorological Conditions (VMC) and Instrumented Meteorological 
Conditions (IMC). These conditions will establish the minimum visibility distance and 
weather ceilings. As stated in NAVAIR 51–50AAA-2 General Requirements for 
Shorebased Airfield Marking and Lighting, Visual Flight Rules (VFR) are: 
Rules that govern the procedures for conducting flights under visual 
conditions. The term ‘VFR’ is also used in the United States to indicate 
weather conditions that are equal to or greater than minimum VFR 
requirements. Internationally, the conditions for these operations are 
referred to as Visual Meteorological Conditions (VMC), which is 
expressed in terms of visibility, distance from clouds, and weather ceiling 
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equal or greater than the specified minima. The minimum conditions in 
which VFR operations are permitted are a minimum cloud ceiling of 1000 
feet and ground visibility of 3 miles (NAVAIR 2009, Chapter 2, 4). 
Similarly, NAVAIR 51–50AAA-2 states that Instrumented Flight Rules are:  
Rules governing the procedures for conducting instrument flight. (Also a 
term used by pilots and air traffic controllers to indicate a type of flight 
plan.) IFR flight operations are dependent upon pilots’ use of instrument 
guidance. Internationally, the conditions for these operations are referred 
to as Instrument Meteorological Conditions (IMC) which is expressed in 
terms of visibility, distance from clouds, and ceiling less than the minima 
specified for VMC, i.e., low ceiling and/or poor visibility (NAVAIR 2009, 
Chapter 2, 4). 
NAVAIR 51–50AAA-2 furthers notes that based on visibility conditions; 
different types of IFR approaches can be accommodated, precision and non-precision. A 
nonprecision approach is defined as “IFR operations that use nonprecision electronic aids 
(TACAN, VORTAC, etc.) to provide directional guidance for straight-in approaches to a 
Minimum Descent Altitude (MDA) as low as 260 feet and one mile visibility or 5000 feet 
RVR (NAVAIR 2009, Chapter 2, page 4). Precision Category I IFR “Require precision 
electronic aids (ILS or MLS) and visual aids for approach minimums of 200 feet 
Decision Height (DH) and 2400 feet runway visual range (RVR). (Use MALSR)” 
(NAVAIR 2009, Chapter 2, page 4). 
In addition to the visibility conditions, there are other requirements in determining 
whether an airfield can be certified for Category I Precision approaches. TERPS 8260.3B 
discusses what pairings of equipment and procedures will grant an airfield Category I 
certification. For airfield lighting equipment, the two major pieces of equipment are 
approach lighting and runway lighting. Other equipment is needed in addition to 
approach light and runway lighting in order to meet Category I precision certification. 
Precision electronic landing aids or instrumented approach systems are also required. 
These systems include the NAVAIR’s AN/TPN-31 Air Traffic Navigation, Integration 
and Coordination System (ATNAVICS). Another required component is to have 
documented instruments approach procedures written and approved. The last step in 
getting approved for Category I precision is either an FAA or USMC flight check.  
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For the Marines to obtain a Category I precision IFR certification, they would 
need to meet all four requirements. Currently the Naval Air Traffic Management Systems 
Program Office (PMA-213) manages the ATNAVICS system. ATNAVICS is a portable 
radar approach control system and qualifies as a component of Category I precision IFR.    
The Naval Flight Information Group (NAVFIG) can begin to develop the approach 
flights for the airfield once it is laid out. These approaches will be documented and the 
information will be supplied to any pilots attempting to land at that airfield. Once the 
approaches are laid out, either the USMC, or even the FAA, can arrange a certification 
flight. Both the approach and certification flight are not current obstacles to obtaining the 
Category I precision landing. The missing piece to Category I IFR certification is just an 
appropriate airfield lighting system. The Marine Corps currently does not have the 
lighting to support Category I IFR landings. 
E. COMPONENTS FOR UNAIDED APPROACHES 
FAA governed landings require the use of different types of lights. The roles of 
the various lights serve different functions. They must work together to provide a clear 
and safe approach and takeoff for the pilots. The major categories of airfield lighting are 
Runway lights, Approach lights, and Visual Landing Aids. There are also other lights, 
which while not required for Category I precision IFR provide visual cues to pilots. 
These components include Taxiway lights, lighted wind cones and lighted signs.  
1. Runway Lights 
Runway lights are essential in lighting a runway for a pilot. Runway lights fall 
into two categories: Runway Edge lights or Runway Threshold lights. Runway Edge 
Lights define the left and right edges of the runway as shown in Figure 4. They are placed 
on the edges of the runway within certain intervals, depending on which category landing 
the airfield is certified. Runway threshold lights mark the start and end of a runway. 
Threshold lights emit red light in toward the runway to mark the end, and green outwards 
to mark the start. 
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Figure 4.  Runway Lights (from Airport Technology, 2011)  
FAA Advisory Circular 150/5345–46D, Specification for Runway and Taxiway 
Light Fixtures, specifies parameters for many different categories of runway lights. AC 
150/5345–46D divides runways lights into two major groups, in-pavement and elevated 
(Federal Aviation Administration 2009, 14–15). Since the Marines need portable lights, 
the in-pavement lights will not satisfy their requirements for portability. Elevated lights 
can be used for portable systems. The elevated lights category can be further broken 
down into three categories based on their intensity and ability to satisfy approach 
conditions: low intensity lights for VFR, medium intensity lights for non-precision IFR 
and high intensity Lights for precision IFR (Federal Aviation Administration 2009, 11–
14). FAA AC 150/5340–30G Design and Installation Details for Airport Visual Aids 
actually names these same categories of lights Low Intensity Runway Lights (LIRL), 
Medium Intensity Runway Lights (MIRL), and High Intensity Runway Lights (HIRL), 
respectively (Federal Aviation Administration 2012b, 3). Runway lights and their 
corresponding FAA part number are shown in Table 2. 
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Runway Light Type FAA Part # 
Low Intensity Runway Edge Light (LIRL) L-860 
Medium Intensity Runway Edge Light (MIRL) L-861 
High Intensity Runway Edge Light (HIRL) L-862 
Low Intensity Runway Threshold Light  L-860E 
Medium Intensity Runway Threshold Light  L-861E 
High Intensity Runway Threshold Light  L-862E 
Table 2.   Runway Lights 
In building an airfield, the designer can choose to use LIRL, MIRL or HIRL 
systems; however, both the Runway Edge Lights and Runway Threshold lights need to be 
of the same intensity type. Therefore, LIRL Edge lights cannot be used with HIRL 
threshold lights. Also, as noted in FAA AC 150/ 5340–30G:  
The runway edge lights emit white light except in the caution zone (not 
applicable to visual runways) which is the last 2,000 ft. (610 m) of runway 
or one-half the runway length, whichever is less. In the caution zone, 
yellow lights are substituted for white lights; they emit yellow light in the 
direction facing the instrument approach threshold and white light in the 
opposite direction. Instrument approach runways are runway end specific, 
meaning a runway may have an instrument approach on one end and a 
non-instrument approach on the opposite end. However, when there is an 
instrument approach at each runway end, yellow/white lights are installed 
at each runway end in the directions described above. The yellow lights 
indicate caution on rollout after landing  (Federal Aviation Administration 
2012b, 4). 
LIRLs are low powered lights that are normally provided only for Visual Flight 
Rule landings, where the visibility conditions are clear enough that the pilot has sufficient 
visual cues to land safely. MIRLs are medium intensity lights that can be used in VFR 
and non-precision Landings. MIRL edge lights are omnidirectional, white light in all 
directions, but MIRL threshold lights (L-861E) are bidirectional, emitting green light in 
one direction and red in the other. Depending on which direction the pilot approaches, he 
will see different color lights. The green side of the threshold lights point outwards so 
that as the pilot is coming in on approach, he will see green lights at the near end of the 
runway, signaling the start of the runway. The red side of the threshold lights point 
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inwards toward the runway, so that as the pilot lands and approaches the far end of the 
runway, he will see the red lights. 
The beam intensities of omnidirectional lights including both the LIRL L-860 and 
L-860E and then MIRL Runway Edge Light L-861 are shown in Figure 5. 
 
 
Figure 5.  Beam Intensities and Beam Patterns (from Federal Aviation Administration 
2009, 14)  
HIRLs are required for the worst visibility conditions. HIRL Runway Edge Lights 
L-B62 and HIRL Threshold Lights L-862 E need to be extremely bright in order for the 
pilot to see them in foul meteorological conditions. Figure 6 shows the photometric 





Figure 6.  Photometric Requirements for Directional Elevated (from Federal Aviation 
Administration 2009, 13)  
It should be noted that FAA Advisory circular 150/5300–13A Airport Design 
states that both HIRL and MRIL can be used for Category I precision IFR as long as 
other Category I precision IFR equipment is present (Federal Aviation Administration 
2012a, 89). 
2. Approach Lights 
The next major subsystem of an airfield lighting system is the Approach Light 
System (ALS). An approach light system, according to, FAA Order 6850.2B Visual 
Guidance Lighting Systems:  
An approach lighting system is a configuration of signal lights disposed 
symmetrically about the runway centerline extended, starting at the 
landing threshold and extending outward into the approach zone. This 
system provides visual information runway alignment, height perception; 
roll guidance, and horizon references. The system used for precision 
approaches (in conjunction with an electronic aid such as an ILS) is 
normally 2,400 feet in length when the glide slope is 2.75 degrees or 
greater, and 3,000 feet in length when the glide slope is less than 2.75 
degrees. When installation of a 2,400 foot system is not possible, a system 
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1,400 feet in length may be installed on nonprecision runways. A 
complete description of the system configuration is given in chapter 2. The 
approach lighting system is classified as a high intensity or a medium 
intensity system, the distinction being made on the type of lamps and 
equipment used (Federal Aviation Administration 2010, Chapter 1, pages 
3–4). 
As mentioned in Visual Guidance Lighting Systems, there are many different 
types of approach light systems. The Marines could choose from among many different 
ALSs, each having their own unique characteristics. Some of the ALSs support only 
VFR, while some can support non-precision IFR and some Category I, II, or III IFR 
approaches. In addition to Visual Guidance Lighting Systems, approach light systems also 
described in FAA TERPS 8260.3B. As of the 2012 edition of TERPS 8260.3B, many of 
the approach light systems are being phased out. The ALSs listed in TERPS 8260.3B are 




Approach Light System Length Status CATEGORY 
I IFR 
Approach Light Systems with 
Sequenced Flasher Lights- 
Configuration 1 (ALSF-1) 
2400’ Active Yes 
Approach Light Systems with 
Sequenced Flasher Lights- 
Configuration 2 (ALSF-2) 
2400’ Active Yes 
Short Approach Light System (SALS) 1500’ Active No 
Short Simplified Approach Lighting 
Systems (SSALS) 
1400’ Phasing out No 
Short Simplified Approach Lighting 
Systems with Sequenced Flashers 
(SSALSF) 
1400’ Phasing out No 
Short Simplified Approach Lighting 
Systems with Runway Alignment 
Indicator Lights (SSALR) 
2400’ Active Yes 
Medium Intensity Approach Light 
System (MALS) 
1400’ Active No 
Medium Intensity Approach Light 
System with Sequenced Flashers 
(MALSF) 
1400’ Active Yes 
Medium Intensity Approach Light 
System with Runway Alignment 
Indicator Lights (MALSR) 
2400’ Active Yes 
Omnidirectional Approach Lighting 
System (ODALS) 
1400’ Active No 
Lead In Lighting System (LDIN) Not specified Active No 
Runway End Identifier Lights (REIL) 0’ Active No 
Table 3.   Approach Lighting Systems (after  Federal Aviation Administration 2012e, 
Appendix 5, pages 1–7)  
In 2002, the FAA conducted an analysis of whether or not an approach system 
that meets Category I IFR could be shortened from the current standard of 2400 feet. The 
report was authored by Don Gallagher and determined that the ALS could not be 
shortened unless enhancements were made to the visual portion of the ALS (Gallagher 
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2002, 28).  Also in the report, Gallagher notes that their study “verifies the adequacy of 
the existing standard Category I system the MALSR”  (Gallagher 2002, 28). 
The 2012 edition of TERPS 8260.3B states that the SSALF and SSALS are being 
phased out. It also mentions that the LDIN can only be deployed with other systems, so it 
is not a true stand-alone system. Lastly, 2012 TERPS mentions that the SSALR is used as 
a subset of the ALSF-2; therefore, only the ALSF-2 will be considered for this analysis. 
Graphical depictions of some of the ALS are shown in Figure 7. 
 
Figure 7.  Approach Light Systems (from Federal Aviation Administration 2012d, 
Chapter 9, page 39) 
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As seen in Figure 7, the ALSF-2 is the most complex system, containing the 
largest number of individual components. It can also be seen that the lights of the SSALR 
system are a subset of the more complex ALSF-2. The SSALR can be used for energy 
savings when only a Category I IFR approach is required. The MALSR, while similar to 
the SSALR, is a true stand-alone Category I system. The MALSF is a less complex 
system then the MALSR. The MALS, not shown, is similar to the MALS but without 
sequenced flashers. The ODALS and REIL are the two least complex ALS. The ODALS 
is made up of “seven omnidirectional sequenced flashing lights located in the runway 
approach area. The ODALS provides circling, offset, and straight-in visual guidance for 
nonprecision approach runways” (Federal Aviation Administration 2007, 51). The REIL 
is made up of “two synchronized flashing lights, unidirectional or omnidirectional, one 
on each side of the runway landing threshold” (Federal Aviation Administration 2007, 
51).  FAA AC 150/5340–30D also notes that the “The primary function of the REIL is to 
provide rapid and positive identification of the end of a runway” (Federal Aviation 
Administration 2007, 51). 
3. Visual Landing Aid Lights (REIL, PAPI, VASI) 
There have been two major Visual Landing Aids in recent years, the Visual 
Approach Slope Indicator (VASI) and the Precision Approach Path Indicator (PAPI). 
However, Visual Guidance Lighting Systems notes that the VASI “is no longer installed 
by the FAA as a new facility” (Federal Aviation Administration 2010, 1–4).   Since it is 
no longer considered for new systems it will not be considered for the new Marine 
Expeditionary airfield.  
The PAPI consists of either 2 light boxes or 4 light boxes. Each light box emits a 
white beam positioned over a red beam. Each box will be aligned to the glide path, each 
with a slightly different offset. Depending on the pilot’s approach to the airport, he will 
see different colors. If he is too high, he will see four white beams or three white and one 
red. If he is on the correct glide slope he will see two white beams and two red beams. If 
his aircraft is too low, he will either see one white and three red beams or four red beams. 
A visual display of the PAPI is shown in Figure 8.    
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Figure 8.  Visualization of PAPI (from Federal Aviation Administration 2010, Chapter 5, 
page 3) 
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4.  VTOL Lights 
For a VTOL pad, Category I IFR conditions do not apply to the lighting fixtures. 
NAVAIR 51–50AAA-2 notes that for Navy helipads, FAA type L-861 or L-852E can be 
used. NAVAIR 51–50AAA-2 also lists a third alternative, which it describes as the 
preferred alternative. It describes beam patterns and intensity for VTOL pads and can be 
used as guidance for the Marine airfield. The intensity characteristics are shown in Figure 
9. The guidance notes that although lights can be white or yellow, white lights should be 
used for approach direction. VTOL Edge lights will need to be controlled by a normal 
controlled and also by a Pilot Controlled Lighting module. 
 
Figure 9.  Intensity requirements for Helipad approach lights (from NAVAIR  2009, 
Chapter 7, page 3) 
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5. Other Airfield Lighting 
For either the VTOL pad or Runway, there will be optional and or auxiliary 
lighting. This lighting is not required for Category I precision IFR, but is normally 
provided as best practices. These components are shown in Table 4.  
Light FAA Governing Document 
Taxiway Edge Light AC 150/5345–46D 
Obstruction Light AC 150/5345–43G 
Wind cone AC 150/5345–27D 
Signs AC 150/5340–18F 
Table 4.   Miscellaneous Lighting for USMC Installation 
All of these components are only required to operate at low intensity, therefore, 
they can be architected with batteries that recharge through the use of solar energy. The 
Taxiway Edge light will light the edges of the taxiway in much the same way as Runway 
Edge lights mark the edges of the runway. Specification for Runway and Taxiway Light 
Fixtures calls out the nomenclature for elevated taxiway lights as L-861T. The 
specification also calls out the intensity and output beam shape as shown in Figure 5. 
Elevated taxiway lights have to be blue in color. For EAF airfields, the width of the 
taxiway is narrower than the runways. Taxiway light can be close to the exhaust of some 
of the aircraft as they taxi, specifically the wing nacelles of the V-22. Since they may be 
exposed to high heat and downdraft, they may need to be enclosed in a package that will 
enable them to survive the heat. 
F. COMPONENTS FOR AIDED APPROACH  
For takeoff and landings that involve the use of NVDs, there is no clear guidance 
from the FAA. Commercial flights do not regularly use NVDs for landing, whereas the 
military has used NVD in flights for over 20 years. There are military specifications on 
the interaction of aircraft lights and cockpit lights on NVDs, but there are no military 
specifications that govern the interaction of NVDs and airfield lighting. There are some 
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lighting devices that do contain infrared lights, such as the VIPIR lights. However, many 
of the heuristics that work for unaided approaches and FAA requirements can be used to 
influence the design of aided approaches. 
Whether the pilot is performing an aided or unaided approach, the actual flight 
geometry of his approach will be the same. Therefore, the pilot will need to see the lights 
at the same altitude and distance using NVDs as he will without the use of NVD. This 
means that the beam profile for the lights should be the same as it is for visible lights. 
However, the intensity of the lights will change. Visible light intensity and Infrared light 
intensity are not measured the same way. Visible light for airfield lighting is measured in 
candelas. Infrared lighting intensity can be measured in different ways, Watts per 
steradian or Night Vision Radiated Intensity (NRI) being two of the more common. 
USMC Aviation uses two types of NVD: the AN/AVS-9B and AN/AVS-9C. The 
AN/AVS-9B is a Class B Night Vision Imaging System (NVIS). The An/AVS-9C is a 
Class C NVIS device. NVIS-A devices were first generation devices and not in common 
use today. As described in MIL-STD-3009, both NVIS-B and NVIS-C devices use image 
intensifier tubes to amplify ambient light. NVIS devices amplify the received signal in 
the near Infrared region of the electromagnetic spectrum, as can be seen in Figure 10.  
 
Figure 10.  Night Vision Imaging Systems Response (from United States Air Force 2001) 
 38 
Class B and Class C devices amplify in the region of 630 nanometers to around 
930 nanometers, depending on which type it is. NVIS C devices have a notch in the green 
region to accommodate Heads up display holograms on certain aircraft.  
Current airfield lighting systems are based on incandescent lamps or gas 
discharge lamps. These lamps normally emit light across multiple wavelengths in the 
visible region of the spectrum. The wavelengths of this broadband light extend into the 
near infrared region of the electromagnetic spectrum. As this unwanted light enters the 
NVD, it will be amplified by the NVD.   The light gets amplified to a point where it 
obscures other light altogether, and the NVD becomes oversaturated. This oversaturation 
renders the NVD useless since the image presented to the user is just a bright white light.   
LEDs, by their nature do not emit broadband light. They are considered narrow line 
width devices, since they emit light almost solely in one specific wavelength. If an LED is 
chosen for a wavelength that falls within the main infrared amplification region of the NVIS 
B or C device, the LED light will be amplified. Since the LED does not emit light at other 
wavelengths within this gain region, the oversaturation can be avoided.   As noted above, 
infrared lights do not use the same measurements as visible lights, so their intensity values 
will not be the same. However, practically, they should be visible to the pilot at the same 
distance that visible lights can be seen unaided. This is documented in Table 5.  
Light Beam Pattern Intensity 
Runway Edge Light Same as FAA AC 150/5345–
46D 
Viewable at same distance as 
visible light 
Runway Threshold Light Same as FAA AC 150/5345–
46D 
Viewable at same distance as 
visible light 
Approach Light System Same as FAA documents for 
ALS system 
Viewable at same distance as 
visible light 
Taxiway Edge Light Same as FAA AC 150/5345–
46D 
Viewable at same distance as 
visible light 
Obstruction Light Same as FAA AC 150/5345–
43D 
Viewable at same distance as 
visible light 
VTOL Edge Light Same as NAVAIR 51–
50AAA-2 
Viewable at same distance as 
visible light 
Table 5.   Infrared Lighting 
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G. SUMMARY 
This chapter examined upstream influences on airfield lighting. Before a system 
can be designed it must be able to comply with established guidance for airfield lighting. 
For any DoD program it is useful to look at current DoD guidance. FAA guidance airfield 
lighting was examined. With the knowledge that the state of technology is moving away 
from incandescent lighting, LED technology was examined. Since military operations 
rely often rely on NVD, the interaction of infrared LEDs and NVD was discussed. Since 
little guidance exists on Night Vision compatible airfield lighting but using similar 
heuristics that have been developed for unaided approaches, rules for aided approaches 
can be constructed.   
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IV. DOWNSTREAM INFLUENCES ON TECHNOLOGY
A. INTRODUCTION 
There are many downstream factors that will drive aspects of any new system’s 
architecture. For EAF, these fall into three major categories: the expeditionary and 
portable nature of EAF, maintenance issues, and obsolescence issues.   The expeditionary 
nature of the Marines will have portability requirements of the new system. Potential 
maintenance issues and related Marine training will drive architecture decisions for the 
lighting components. Obsolescence is always a factor in DoD programs and an extremely 
critical one in any electronics system. Smart design and planning can limit obsolescence 
effects on any new airfield system.  
B. EXPEDITIONARY AND PORTABILITY 
The Marines are, by nature, an expeditionary force. This means that the Marines 
have to always be mobile and ready to move from one point to another. Often, the 
Marines are the first units into an operating area and they have little or no initial support. 
The Marines need to balance what they bring with them when they enter an area and what 
they leave behind. Marines are looking for a tradeoff between capability and portability 
Support for EAF comes from the Marine Aviation Logistics Support Program 
(MALSP). The MALSP “provides flexible and effective aviation logistic support to the 
deployed MAGTF ACE. It enables ACE logisticians to rapidly and efficiently identify, 
marshal, and deploy aviation logistic elements needed to support a task-organized mix of 
ACE aircraft” (U.S. Marine Corps 2000, Chapter 6, page 3). According to MCWP 3–2 
Aviation Operations, “aviation logistic elements (personnel, spares, support equipment, 
and mobile facilities) are formed into specific support packages that are retained within 
every MALS. These support packages are considered “building blocks,” for the Marines 
(U.S. Marine Corps 2000, Chapter 6, page 3).  
In order for any new airfield lighting system work with MALSP, it must be 
capable of being quickly organized and deployed into building blocks. This requires that 
components be of low weight and low volume. Also, since the Marines have the option of 
designing different airfields, the lights should be packaged logically. VTOL Edge lights 
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should all be packed together and capable of being split out in groups capable of lighting 
individual VTOL pads. If a Category 1 precision instrument system is not available, the 
airfield cannot be certified. Therefore, the Marines would not need to install an airfield 
lighting system that meets full Category 1 precision IFR requirements. If not all the lights 
are needed for a planned installation; they should not be shipped to a forward area as they 
may just end up sitting in shipping containers.    
C. MAINTENANCE ISSUES 
Another downstream factor that affects system design is Marine technical 
training. EAF enlisted Marines fall under the 7011 MOS, EAF Systems Technician. The 
7011 MOS description is detailed in MCO 1200.17E 
An EAF Systems Technician employs, installs, operates, inspects, 
maintains, and repairs Expeditionary Airfield (EAF) Systems to include 
arresting gear, visual landings aids, Airfield Surfacing System (AM-2 
matting and accessories, mobi-matting, and extreme lightweight matting). 
EAF Marines in this field operate, inspect, maintain Emergency Arresting 
Gear Systems for High Performance Naval and Marine Corps Tail Hook 
Aircraft, design expeditionary AM-2 Airfield Facilities, provide 
expeditionary lighting systems for Marine Expeditionary Units (MEUs), 
and conduct Tactical/Assault Landing Zone Assessment 
Surveys (TALZAS) for Naval and Marine Corps Tactical Aircraft 
(U.S. Marine Corps 2013a, Section 3, page 605). 
The complete listing of training and duties for a 7011 Marines is detailed in the 
Airfield Emergency Services Training and Reference Manual. The Airfield Emergency 
Services Training and Reference Manual details how the prerequisite training classes for 
airfield lighting marking are just the Basic Electricity Course and Expeditionary Airfield 
Service Unit Training (U.S Marine Corps, 2004).   Any courses on advanced circuit 
theory or electric circuit troubleshooting are not required.  
Keeping in mind the limited electric circuit training EAF Marines are required to 
have, it would be prudent to have airfield lighting be as simple as possible. This would 
allow for the Marines to be able to solve simple maintenance and operation issues. For 
more complicated issues, the lights could be replaced in order to maintain the system’s 
availability. Lights that could not be repaired with the simple tools and repair methods 
that the EAF Marines are capable of in the field could be sent to a depot for fixing. 
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For the current system, the simplest repair is the replacement of an incandescent 
bulb. The incandescent bulb replacement requires the removal for the glass cover and the 
unscrewing of the incandescent bulb. A new bulb is then screwed in and the lens 
replaced. For a new LED light, repairs can be simplified if the light fixture is designed 
properly. Instead of a bulb, there will most likely be a circuit card with multiple LEDs 
mounted to the card. If the circuit card is designed with a plug type connector, the card 
could be easily swapped out. If a circuit card does need repair, the glass cover could be 
removed, screws removed that mount the card and the power plug disconnected. A new 
card could then be connected, mounted and the glass cover restored. This “plug and play” 
type of repair could be accomplished with little training. More complicated repairs 
(replacing individual LEDs, resistors, capacitors could be accomplished at a depot if it 
was determined to be cost effective.  “Plug and play” repairs would be of great use to the 
Marines in the field. 
D. OBSOLESCENCE ISSUES 
A growing problem within Department of Defense is the obsolescence of parts. 
Obsolescence means that parts become unavailable as manufacturers stop making them, 
opting instead to build newer generation of the product. This can become a huge problem 
for multimillion-dollar weapon systems, which can be rendered useless if a replacement 
part is unavailable. Obsolescence can then force expensive redesigns to accommodate 
newer components and designs.  
LEDs are microelectronic devices. The size of microelectronic devices is 
constantly shrinking, while their efficiency and performance are constantly improving. It 
is the consumer marketplace, however, rather than the military marketplace that drives 
the LED industry. In the commercial marketplace, technology refresh cycles are quicker 
than in the military marketplace. Components and parts are often are obsolete within a 
year or two. In general, the DoD needs to support systems for over 10 years.   There are 
fewer chances to utilize newer parts without changing the design, as shown in Figure 11. 




Figure 11.  Integrated circuit life cycle for consumer and military markets 
(from O’Boyle 2012, 2)  
In 2001, ARINC conducted a study for the Defense Microelectronics Agency 
(DMEA) entitled, DMSMS ACQUISITION GUIDELINES - Implementing Parts 
Obsolescence Management Contractual Requirements. In this study, Walter 
Tomczykowski analyzed ways to mitigate obsolescence. One of the key ways he 
discussed was to monitor parts as their manufacturers announced their decisions to stop 
the manufacture of the part. Another important part of the study noted that the design 
should incorporate open systems architecture interface standards. The use of proprietary 
standards can drive up the life cycle cost of a system. If new designs rely on open 
systems and industry standards, the effect of using of proprietary data and parts can be 
mitigated. If connectors between components used industry standards, they could easily 
be swapped out without major redesign. This open systems design enables the DoD to 
keep costs down by maintaining competition in the supply base (Tomczykowski 2001, 
Chapter 5, page 6).   
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Building modularity in up front could also lower life cycle cost by preventing 
major redesign down the road (Tomczykowski 2001, Chapter 5, page 6).  Henry 
Livingston notes that smart systems design would use “modular partitioning so that 
specific areas can be affordably upgraded, expanded, or replaced” (Livingston 2000, 3). 
An individual airport light could be broken down into a power module, lighting module 
and communication/control modules. If parts on a module became obsolete, only the 
affected module would need to be redesigned. The lighting module will consist of LED 
circuit cards and optics. The quick technology cycle of LEDs is most likely to drive 
obsolesce. If the design of the light allowed the LED circuit cards to be replaced without 
replacing the optics, power circuitry, or any other part of the light, the effect of 
obsolescence would be lessened. By combining modularity and open systems, the 
negative effects of obsolescence can be lessened. If the power and battery modules used 
industry standards, costs could also be kept down. Future iterations of the modules would 
most likely use the same industry standards.  
E. SUMMARY 
This chapter examined downstream influences on airfield lighting architecture. 
Downstream influences fall into three major categories: portability, maintenance, and 
obsolescence.   The expeditionary nature of the Marines means that the new system has to 
be portable. This means it will not just be installed one time. It needs to be able to 
be installed, and then packed up and moved when the airfield needs to be 
moved. Maintenance and the training of the Marines will force the design to be 
simple and modular. Obsolescence can drive expensive redesign of a system. 
Technology such as LED lighting will see quick technology refresh cycles of 
components. Planning for upgrades can limit obsolescence effects.  
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V. FUNCTIONAL ANALYSIS 
A. INTRODUCTION 
This chapter of this thesis provides an analysis of the functions that an airfield 
lighting system is required to perform. It provides a functional breakdown of an airfield 
lighting system in order to aid in the understanding of the functions involved in landings 
and take offs. The main purpose of lighting an airfield is to provide visual cues to a pilot 
about the location and physical limits of the airfield. The lighting system works in 
conjunction with other airfield systems such as radar, markings, and runway surfaces to 
provide pilots with a safe method of landing and taking off. There are many different 
types of lights and lighting subsystems. By breaking down the functions of landings and 
take offs, the necessity of lighting components can be examined.  
B. FUNCTIONAL DECOMPOSITION 
The EAF lighting system as a whole has to support landings and take offs on both 
Runway and VTOL pads. There are many systems that operate on the airfield including 
lighting, instrumented landing systems, and communication systems. For lighting 
systems, the main purpose is to provide the visual cues for the pilots to take off and land 
safely. It will accomplish this by integrating many different lighting components. These 
components have to work in conjunction to provide the airfield with the illumination it 
requires to safely aid in landing and launching airplanes. The main function of Providing 
Airfield Lighting can be broken down into next level functions: Provide visual cues, 
power, control, and provide enclosure. These functions are shown in Figure 12. 
The function of provide visual cues covers the individual lights emitting light that 
provides visual cues the pilots. The system must provide visual cues to the pilot to assess 
his location and ability to land and takeoff safely. It must provide some type of cues 
throughout the entire timeline of a landing and takeoff. In the case of the Marine Corps, 
the airfield could be comprised of a runway or a VTOL pad or some combination of the 
two. The cues associated with a runway and VTOL field are similar but slightly different. 
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The function of control allows the system to communicate. In this lighting system, 
there needs to be a control function that can turn lights on and off and set intensity. There 
are different people that will need to exert control over the lighting. Currently EAF 
Marines are responsible for the control of the lighting intensity. Air Traffic Control 
personnel can direct the EAF Marines to adjust lighting based on feedback from 
themselves and from pilots. 
The function of power is how the system distributes power to all of its 
components. In the legacy hardwired system, generators provide power to the all of the 
lighting components. For a new airfield, generators will provide power. These generators 
are not considered part of the airfield system. 
The last function of airfield lighting is to provide an enclosure. This enclosure 
must provide a chassis to house the components. It must also protect the system from the 
elements of nature such as rain, sun, or snow. It also must allow the components to 
survive the harsh environment of airfield. 
 
Figure 12.  Functional Breakdown 
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1. Provide Visual Cues—Runway  
The process of safely landing and airplane on a runway can be divided in takeoff 
and landing groups and then broken down into their component functions. For the landing 
of an airplane, the lights serve to aid the pilot in performing the necessary steps to bring 
the airplane down to the ground and move to a parking location. There are 5 major 
functions: aid acquisition, aid alignment, aid descent, aid touchdown, and aid taxi. For the 
takeoff of an airplane there are 2 major functions: aid taxi and aid takeoff.  
For the landing, the first function that the lighting system has to perform is aid 
acquisition of the airfield and runway. The lights need to be bright enough so that the 
pilot can locate the airfield from a distance. Orientation of the lights, intensity, and 
meteorological conditions will determine at what distance the pilot will acquire the 
airfield. The pilot will have other systems such as GPS and maps that will allow him to 
locate himself and his airplane relative to the expected location of the airfield. The lights 
will serve as an aid in the acquisition process. 
The second major function in the landing of airplane is to aid alignment. This 
involves the pilot aligning his airfield approach along the long axis of the runway. 
Runways are typically longer than they are wide. Aircraft land along the long axis, or 
centerline, of the runway. In fact, an Approach Light System is normally placed at the 
end of the runway aligned with the centerline, extending its long axis past the physical 
end of the runway. The pilot will normally make an approach, with his flight path aligned 
with the centerline of the runway. 
The third major function in landing an airplane is aid descent. As the pilot 
descends, he needs to lower his altitude while at the same time closing the distance to the 
runway. He accomplishes this though the use of the altimeter as well as monitoring the 
visual appearance of the runway. As the pilot gets lower, he will be able to perform a 
rough judgment of how low he is by the known configuration of the lights. These visual 
cues will allow the pilot to perceive his height over ground. 
The fourth function is aid touchdown. As the aircraft completes its descent, the 
aircraft will touchdown on the runway. The plane needs to stop before it reaches the end 
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of the runway.   Lights will provide visual cues as to the geometry of the runway and as 
to where the end of the runway is. 
The final function is aid taxi. Once the pilot is on the ground, he will need to 
move his aircraft off of the runway and toward a designated parking area. For the 
military, the parking area also serves as the rearming and refueling area. Lights on either 
side of the taxiway will aid the pilot in locating where he needs to drive his aircraft. 
For the takeoff of an airplane, the first function is aid taxi. This process is almost 
exactly the same as the aid taxi for the landing process. The events merely occur in 
reverse order. The pilot would proceed from a start point, normally in the parking area. 
The pilot would then drive his aircraft to the start of the runway in preparation for 
takeoff.  
The next function is aid takeoff. As the pilot drives his aircraft down the runway, 
the lighting provides him visual cues. The cues will tell him whether he is driving along 
the centerline of the runway or if he is veering toward one of the runway edges. When he 
has enough speed, the aircraft can take off.  
These functions are shown in Figure 13. 
 
Figure 13.  Function Decomposition of Runway Landing and Takeoff  
2. Provide Visual Cues—VTOL  
For Vertical Take and Landings, the functions differ just slightly. VTOL aircraft 
are not required to Taxi, so they do not need visual cues guiding them to the taxiways. 
For Vertical Landings, the functions are aid acquisition, aid alignment, aid descent and 
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aid touchdown. For a vertical takeoff the only function is aid takeoff. For VTOL pads in 
remote locations, the only pieces of equipment that EAF Marines would install are VTOL 
Edge lights and possibly a wind cone.  
The first function is aid acquisition. The lights need to be bright enough so that 
the pilot can locate the VTOL pad. The light beam emanating from the lights have point 
outward and upward so that the pilot can locate the pad from a distance. The pilots will 
have a general knowledge of both the airfield location and their own location from GPS 
and maps. The VTOL lights will serve as the final step of the acquisition process. 
The second major function in the landing of VTOL aircraft is aid alignment. For 
this portion of the landing, the pilot needs to know he is directly over the pad. The pilot 
will bring his aircraft over the pad, until he reaches a point in which he is aligned directly 
over the pad. The lights will need to emit light upwards so that the pilot can ascertain his 
position.  
The third function is aid descent. As the pilot descends, he needs to lower his 
altitude while at the same time maintaining his position over the VTOL pad. He 
accomplishes this though the use of the altimeter as well as monitoring the edges of the 
pad. The pilot will be able to see the part of the light beam that points upwards. The 
position of the lights will aid the pilot in his height perception as he lowers his aircraft 
down onto the pad.   
The fourth function is aid touchdown. As the aircraft completes its descent, the 
aircraft will touchdown on the VTOL pad. Although not as complex a function as on a 
runway, the lights still play a role in letting the pilot know when he is touched down. As 
the aircraft touches down, it will stop at the center of the VTOL pad. 
The sole function for a takeoff is aid takeoff. The lights will provide a visual cue 
to the pilot as he begins his ascent from the VTOL pad. 
The functional breakdown of the visible lights and the associated hardware 




Figure 14.  Functional Decomposition of VTOL Landing and Takeoff 
C. CONCLUSION 
This chapter examined the functions of an airfield lighting system. The primary 
functions of airfield lightings systems are provide visual cues, control, power, and 
provide enclosure. The function of provide visual cues was further broken down into 
provide visual cues for runway and provide visual cues for VTOL pad. For a runway 
landing and takeoff, the functions were further broken down into aid acquisition aid 
alignment, aid descent, aid touchdown, aid takeoff, and aid taxi. For a VTOL landing and 
takeoff, the functions were further broken down into aid acquisition aid alignment, aid 
descent, aid touchdown, and aid takeoff. By examining the functions of the system as a 
whole, the architecture of the system can be developed. The chosen architecture will have 
to be mapped to these functions in order to ensure that there are no functional gaps.  
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VI. COMMERCIAL AND NON-COMMERCIAL INFLUENCES  
A. INTRODUCTION 
This chapter will examine how the commercial marketplace and also non-
commercial drivers can influence the design of new airfield lighting system. As with 
many systems the commercial marketplace can deliver products that serve as the 
backbone for a new military system. In this case, the commercial airfield lighting 
marketplace can be used as the basis for forming a new lighting system for the Marines.  
B. LIGHTING TECHNOLOGY 
There are many manufacturers producing airfield lighting components for the 
commercial airport marketplace. Most of the equipment in the commercial marketplace is 
for fixed airports with underground electrical infrastructures. A small subset of the 
commercial manufacturers extends their businesses into the portable airfield lighting or 
military airfield lighting markets. This equipment needs to be ruggedized and made to 
work with flexible, mobile, above ground electrical infrastructures. 
Any examination of commercial literature will show that most airfield lighting 
manufacturers rely on the FAA certifications for the identification of their product. For 
example, they will advertise an FAA L861 as the Runway Edge light. This means that 
their light has been tested by a third party testing organization and found to meet the 
requirements of the FAA advisory circular. Currently, the majority of manufacturers are 
offering lights based on incandescent bulbs. However, there are LED systems listed on 
Addendum to AC 150/5345–53D, the approved FAA vendors list. Some of these lights 
could serve as a starting point for the new Marine system. 
One important feature of the new architecture is that the Marines need infrared 
light to help in aided operations. Their AN/AVS-9B and AN/AVS-9C goggles will see 
the infrared light as the visual cues necessary to safely land the aircraft. Infrared LEDs 
are common in numerous devices from remote controls to infrared sensors.   However, 
adding infrared LEDS to airfield lighting is new. In fact, the FAA is currently is 
overseeing the development of an Enhanced Flight Vision System. FAA AC 90–106A 
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lists some of the requirements of EFVS. This system will be part of an integrated suite 
that adds sensor data to the pilot view. This FAA guidance does not specify the use of 
infrared sensors to achieve the gathering of this additional data. In fact, on FAA AC 90–
106A states “made every attempt to write EFVS regulations that are performance-based 
and not limited to a specific sensor technology” (Federal Aviation Administration 2013a, 
1). Additionally, on the approved vendor list for L-861, runway edge lights medium 
intensity, AC 150/5345–53 Addendum has a cautionary note that states,   
Any fixture listed above that uses a LED lighting source may not be 
compatible with Enhanced L807–1 Flight Vision Systems that use IR 
energy emissions for imaging. (L) Indicates LED fixture (###*) IR 
element present is not tested nor certified under this program as to 
compatible with any night vision equipment (Federal Aviation 
Administration 2013b, page L-861–1). 
Similar notes exist on pages of other FAA certified lights as warning that just 
because a vendor has added an infrared LED, it may not be compatible with the final 
EFVS solution.  
Another commercial product that the Marines can leverage is the pilot controlled 
lighting module. Since the Marines requested pilot control over remote VTOL pad 
lighting, a module will have to serve as the interface between the pilot’s radio and the 
normal controller.   FAA advisory Circular AC-150/5345–49C Specification L-854, 
Radio Controlled Equipment lists the requirements of pilot control of lighting. One of the 
major design features is that the pilot controlled module has to be able to operate on a 
“single frequency within a band of frequencies from 118 to 136 Megahertz (MHz) and 
process amplitude modulated (AM) signals” (Federal Aviation Administration 2007, 6). 
According to AC-150/5345–49C, the receiver will process a series of aircraft VHF radio 
clicks. Three clicks will set the lights to low, five clicks will set the lights to medium, and 
seven clicks will set it to high intensity (AC-150/5345–49C 2007, 4). Additionally, the 
system must turn off after 15 minutes of the last adjustment. 
It is an important design feature to note that the current L-854 will interpret the 
clicks and adjust the visible lights. There are currently no provisions for infrared lights. In 
order to have the pilot to be able to operate either visible or infrared lights, there should 
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be a separate frequency. The pilot can tune his radio to the appropriate frequency based 
on whether he is flying aided or unaided.  
C. NON-COMMERCIAL INFLUENCES 
The commercial marketplace can provide the backbone for the Marines’ new 
lighting system. However, there will be exceptions, where the commercial marketplace 
has no need to supply a product that meets strict military needs. In these cases, the 
aircraft lighting will have to be designed from the ground up. 
As stated in Chapter II and III, the VTOL edge lights and the taxiway lights will 
experience a temperature environment that is more extreme than the ones regular for 
which commercial lights are qualified. The VTOL lights would see large temperature 
exposure from VTOL aircraft as they descend over the VTOL pad. The taxiway lights 
will experience high temperatures from the wing nacelles of taxiing V-22s. These 
temperature environments will necessitate the ruggedizing of the housing for these lights.  
Additionally, the Marines need a certain number of  runway edge lights to be 
installed in the tape sweep zone of the M-31 landing gear.    The M-31 stretches a cable 
out across the runway for the aircrafts tail hook to catch. As the aircraft then proceeds 
down the runway, dragging the cable with it, the M-31 unspools more tape that is 
attached to the cable. As this tape sweeps out, it will travel over the surface of the 
runway. Since the speed the aircraft is pulling it is extreme, the tape will knock over any 
raised object in its path. Runway edge lights located in this region need to be able to 
survive this tape sweep action. The current system accomplishes this by having the lights 
in the tape sweep zone be almost flush with the AM2 matting. Any new system could 
leverage the existing design for the flush deck light. 
D. SUMMARY 
This chapter examined some commercial and non-commercial influences on new 
architecture. It examined what products could be leveraged from the commercial 
industry. It also identified potential problems with some of the commercial products 
would see in the Marine environment. 
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VII. ARCHITECTURE  
A. INTRODUCTION 
This chapter provides an analysis of the architecture of the new lighting system. It 
begins by mapping the functions of airfield lighting as described in Chapter V to generic 
system components. After the generic components are chosen, a closer examination is 
made to determine if there are still multiples solutions for the generic component. The 
need for visible lighting and infrared lighting will be addressed. After the analysis is 
complete, a recommended architecture for a new lighting system is presented. 
B. MAPPING OF ARCHITECTURE TO FUNCTIONS  
In examining what lights are needed, it is necessary to map them against the 
functions described in Chapter V. For the runway configuration, the candidate lights are 
broken up in into approach lights, runway edge lights, runway threshold lights, visual 
landing aids and controllers. The functional breakdown and the associated hardware 
mapping are shown in Table 6. The placement of an “X” in a cell means that the light 
needs to be associated with that function. For example, a runway edge light will perform 
the following functions: aid alignment, aid descent, aid touchdown, aid taxi, power, and 
control, and provide enclosure. 
For a VTOL pad, the mapping follows a similar process. In this case however, the 
candidate components are VTOL edge light, controller and pilot controlled lighting. As 
discussed in Chapter II, the Marines require that the pilots be allowed to set intensity for 
the lights located at remote airfields. For pads located at regular airfields, a normal 
controller will suffice. However, pilot control will necessitate a hardware component that 
either interfaces with the regular controller or has direct control over the lights. The 
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Table 7.   Functions Mapped to Hardware for VTOL Configuration 
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C. ARCHITECTURE SELECTION 
As shown in Chapter IV, there are many different components to choose from to 
light an airfield. Tables 6 and 7 break down the mapping into generic components. These 
generic components can be broken down further based on Marine Corps’ needs. 
1. VTOL Pad lights 
Since the only guidance document for VTOL lights is NAVAIR 51–50AAA-2, 
the Marines new VTOL lights can be designed to the specifications found within that 
document. NAVAIR 51–50AAA-2 describes three options but recommends using a 
“preferred” solution over the other choices of a FAA L-861 or an L-852. Since the VTOL 
light will also serve as approach lights for the pad, the best solution for the architecture 
would be to use the “preferred” white lighting recommendation. An EAF marine will 
need a controller to control the intensity of the lights. However, the system will also need 
a PCL remote controller to allow the pilot to control the lights if the pad is located in a 
remote location and no EAF Marine is available.  
2. Runway Lights  
Runway Threshold lights and Runway Edge lights are inherently coupled.   Three 
intensity variants exist: Low Medium and High. Since the low intensity option, LIRL, do 
not grant Category I precision IFR, they can be eliminated from consideration. To 
achieve Category I precision IFR, runway lights have to be either MIRL or HIRL. HIRL 
is more common and therefore more familiar to pilots. Current LED technology can 
achieve HIRL brightness and commercial variants exist today. Using LEDs HIRL would 
achieve energy savings over incandescent systems. The light units that will be placed in 
the M-31 tape sweep zone would need to be designed to be semi-flush with the runway 
surface. With the lights being semi-flush, the tape could pass over the light without 
dislodging the lights. 
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3. Visual Landing Aids 
For visual landing aids, the two choices are VASI and PAPI. However, the only 
system that is being fielded for new systems is the PAPI. The PAPI should be based on 
LED technology; the visible LEDS should be white and red, similar to the standard PAPI. 
For aided operations, the PAPI will need infrared LEDs. Since NVDs do not see color, 
the “red” zone of the PAPI will have to achieve distinction form the “green” zone. It can 
achieve this by flashing. Thus, the an optimal approach will be 2 red light boxes next to 2 
white light boxes for unaided operations and two steady light boxes and two flashing 
light boxes for aided operations.  
4. Approach Lights  
Since there are multiple approach lighting systems to choose from, an analysis 
will have to determine which approach lighting system will be the most useful to the 
Marines in meeting their requirements. We can use a table of weighted averages to score 
alternative approaches. This will serve as a decision matrix to evaluate which approach 
lighting system to use. The design of the individual ALS is complete, but the weighted 
average table can still be used to assess which system should be considered in the 
architecture of the new airfield lighting system.  
The first step in developing the decision matrix is determining what factors are 
important in architecting the system. The factors that are important to the Marines fall 
under performance related and logistics related. The performance related factors need to 
be balanced with meeting the Marine Corps’ need for an expeditionary, portable, low 
complexity system. The performance factors for approach systems can further be broken 
down into two groups: approach performance and general performance. As noted in 
TERPS, approach light systems need to “provide visual cues for runway alignment, 
height perception, roll guidance and horizon reference (Federal Aviation Administration 
2012a, Appendix 5, 1). These four factors are linked to the main purpose of an ALS and 
can be listed in the table as Align, Height Perception, Roll Guidance, and Horizon 
Reference. General performance factors include the ALS serving as an acquisition aid to 
pilots and getting the EAF credit for Category I IFR performance. The last grouping is 
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logistics based requirements. These include small installation footprint, ease of install, 
portability, energy efficiency, and ease of maintenance.  
The decision matrix is shown in Table 8. The MALSR was chosen as a reference 
system and the scoring was based on the reference system having a score of 3. For 
performance requirements, if a system had the same performance as the reference system, 
it was scored a 3. If it was better than the reference system, it scored a 4 or a 5. If it did 
not meet the performance of the reference system, it scores a 2 or possibly even a 1. For 
the logistics components, a score of three meant that the system just as complex as the 
reference system to install or maintain, or it had the same level of energy efficiency. A 
score of 3 was also given if it had the same installation footprint as the reference system. 
A score of 4 or 5 was given if the system was simpler to install, took up less space, had 
better energy efficiency, or was easier to maintain. A score of 2 or 1 was given if the 
system was more complex or had a larger footprint, or was worse on energy efficiency. 
Each factor was then weighted by the importance to the Marines. A weight of 5 was 




Table 8.   Decision Matrix of Approach Light System 
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The MALSR and SSALR, score the highest with a weighted score of 3.00. 
However, the SSALR is only deployed as part of the overall ALSF-2, as the energy 
savings option. Therefore, it will not be considered for the architecture. The SALS, 
ALSF-1, ASLF-2, while providing Category I, do not rate higher due to being more 
complex systems and more difficult to install, transport, and maintain.  
In order to meet the unique Category I requirement, the Marines could architect 
the system with just a MALSR. It should be noted however, that sometimes the Marines 
have limited real estate available to them due to the geography of the area or even the 
ability to secure the area. A MALSR requires the Marines to secure an additional 2400 
feet long area at the end of the runway. If both ends of the runway were in operation, the 
Marines would need almost an extra mile of real estate. If the Marines do not need to set 
up for Category I precision IFR, an ODALS will be sufficient for non-precision IFR, and 
a REIL will be sufficient for VFR. 
D. SUMMARY 
This chapter provided a recommended architecture for a new airfield lighting system for 
the Marines. It did this by examining the functions of a lighting system and mapping 
components to them. It then took these generic components and picked more specific 





This thesis examined the key architecture requirements for an improved lighting 
system for the Marines Expeditionary Airfield. It accomplished this analysis by first 
examining the Marine Corps needs in a new expeditionary airfield lighting system. It then 
looked at both upstream and downstream influences on architecture design of airfield 
lighting systems. It performed a functional breakdown of airfield lighting and then 
mapped architecture components to functions. Finally, it recommended an optimal 
architecture for a new lighting system that that meets the Marine Corps current 
performance requirements and meets or exceeds the requirements of the legacy systems. 
The primary research area was to find an optimal architecture that provides a Marine 
Corps Expeditionary Air Field Lighting System that meets the Marine Corps current 
performance requirements and meets or exceeds the requirements of the legacy systems. 
It accomplishes this goal by analyzing the requirements and looking at other secondary 
research questions, including: 
• What capabilities does the new architecture need to meet and how will that 
influence the architecture? 
The first step of acquiring any new system has to examine the needs the system is 
meant to fulfill. In looking at the Marine Corps needs, this thesis examined the required 
capabilities as detailed by NAVAIR and the Marine Corps. The Marines primary need 
was for the ability to perform Category I precision IFR operations. This entailed a 
lighting system that was capable of meeting the Category I precision IFR requirements. 
NAVAIR and the Marines have also detailed the need for VTOL pad lighting for pads 
located at both a runway site and at remote locations. It was also noted that the new 
lighting system would have to work in the presence of the M-31 arresting gear and also 
provide the ability for pilots to control VTOL pad lighting at remote locations. 
• How do the Federal Aviation Authority and other outside agencies 
influence the requirements for the Marine Corps EAF? 
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The FAA sets the guidance for all commercial airfield operations, including the 
requirements for airfield lighting. In designing an airfield, many different lighting 
components are available to be chosen.   Different light combinations will allow for 
different operations. It is up to the airfield designer to analyze the needs of the airfield 
and select the proper components. The FAA does allow the military to acquire their own 
unique solutions that may not be officially FAA certified, as long as the optical 
performance requirements are the same. These optical performance characteristics are 
provided in FAA advisory circulars as light intensities and beam patterns.  
• Are Commercial-Off-The-Shelf (COTS) components at a sufficient 
maturity level to be integrated in an overall lighting system? What 
developmental work still needs to be accomplished? 
Commercial off the shelf components can provide the backbone of a new lighting 
system design. The FAA approves multiple vendors for all of their airfield lights. 
However, commercial solutions alone will not satisfy all of the Marines’ needs. Many 
components will need to be hardened for the unique Marine Corps environment. 
Normally, commercial lighting components are installed and then left in place for their 
lifetime. The solution for the Marine Corp will need to be able to survive cycles of install, 
use, and then removal. This cycle will be repeated many times as the Marines mission 
area changes, so the lights need to be portable. Also, certain lights will be exposed to 
high temperature exhaust and will need to be hardened. 
• What are downstream influences on the architecture of EAF lighting? 
How are maintenance and obsolescence issues being addressed? 
While EAF Marines do have basic electronics training, they do not have 
specialized training beyond that. The current system is based on incandescent bulbs that 
are easily swapped out. LED technology will drive more complex repairs. Therefore, 
maintenance should be kept simple.   If modularity is designed into the system, the 
modules could be swapped out and the repairs kept simple. This modularity will aid in 
mitigating obsolescence. Obsolescence is a growing problem for the military. By pre-
planning for component upgrades, obsolescence can be mitigated.    
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B. FINAL RECOMMENDATIONS 
This thesis recommends a final architecture for a new lighting system that meets 
the Marine Corps needs. The final architecture is an integrated system composed of: 
• Runway Edge Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have ruggedized housing in order to meet exhaust 
requirements of all Marine aircraft. 
• Flush profile in M-31 tape sweep area.   
• Runway Threshold Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved “color.” 
• Visible intensities and output beam should meet FAA HIRL 
requirements. 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Visual Landing Aid  
• The Visual Landing Aid for the lighting system should be a 
Precision Approach Path Indicator (PAPI). 
• The PAPI should be LED based for energy savings. LEDs should 
be chosen with wavelength that meets FAA approved “color.” 
•  Visible intensities and output beam should meet FAA PAPI 
requirements 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. LEDs should flash to represent 
“low” area of output beam. 
• Taxiway Lights 
• Lights should be LED based for energy savings. LEDs should be 
chosen with wavelength that meets FAA approved blue color. 
• Visible output should meet FAA L-861T requirements. 
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• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode. 
• Lights should have ruggedized housing in order to meet exhaust 
requirements of all Marine aircraft 
• Approach Light System  
• The approach light system for the lighting system should be a 
Medium Intensity Approach Lighting System with Runway 
Alignment (MALSR). 
• The MALSR should be LED based for energy savings. LEDs 
should be chosen with wavelength that meets FAA approved 
“color.” 
• Visible intensities and output beam should meet FAA MALSR 
requirements. 
• Infrared LED operating at around 880 nanometers should be 
chosen for NVD compatible mode.   
• Controllers 
• The lighting system should be controlled from a main controller 
that turns lights on and off, sets visible or night vision mode, and 
sets light intensity. 
• At remote VTOL installations, the pilot should be able to control 
the VTOL lights through the use of his on board radio and a 
ground based pilot controlled lighting receiver.   
In addition to the features listed above, the lights should be modular in an effort to 
easily upgrade LEDs when the old part becomes obsolete. 
C. FUTURE RESEARCH AREAS 
This study examined the current needs of the Marine Corps for a new lighting 
system. In the future, it may prove beneficial to reexamine airfield lighting if technology 
improves. The current lighting system for the Marines is over 30 years old.  
As battery technology advances, it may be possible to achieve high intensity 
output with battery-powered lights. This would alleviate the need for generators. A 
system based on this technology would be inherently more portable than one with 
generators. Studies of battery technology could determine if future battery use could be 
used to produce high intensity runway lights. 
 69 
Infrared sensor technology is advancing greatly. Currently pilots use AN/AVS-9B 
and AN/AVS-9C night vision goggles. These devices are based on image intensifying 
technology that operates in the near infrared portion of the electromagnetic spectrum. 
Mid wave infrared (MWIR) sensors are becoming available and are even in use in some 
DoD systems. MWIR sensors are based on entirely different technologies than image 
intensifying technology and work in a different portion of the electromagnetic spectrum. 
As such, light produced by infrared LEDs would not be seen by MWIR sensors. Future 
work could include modeling exactly how much of a nighttime scene can viewed by 
MWIR sensors. Than an examination of MWIR light sources that could improve the 
viewing capabilities of the systems could be examined.   
Another area for future research might be augmented reality. As heads up display 
(HUD) technology advances, the ability to not employ any lights at all increases. A 
mobile airfield without any lights could truly be a covert airfield.   The airfield’s 
coordinates and orientation could be transmitted to the aircraft directly and covertly. This 
information could then be processed by onboard computers and then displayed on the 
HUD. The information would have to be constantly updated as the aircraft changed 
position. A fast data link and fast computing power would be needed to make almost real 
time adjustment to the pilots display. For unmanned vehicles (UAV), the orientation data 
could be sent back over the data link for final processing at the UAV base of operations. 
Or if the unmanned system was autonomous, the data link could actually send the 
orientation data to an onboard processor on the vehicle for analysis.   The future work 
would include an analysis of the quantity of information need to be transmitted, a method 
of transmission, and an analysis of how much processing power is need to properly 
display the data to the pilot.  
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